We studied seasonal activity patterns and feeding behavior of a population of Finlayson's squirrel (Callosciurus finlaysonii) native to Indochina and introduced into Italy. Squirrels spent the majority of active time foraging, switching between resources according to availability. In winter, they fed mainly on buds or stripped bark, shifting to flowers when plants bloomed in spring, and to mature seeds and fruits from June to October. By November-December, bark-stripping became progressively more important. This activity accounted for 36.5% of the yearly feeding time. The flexibility to exploit a wide range of foods, the ability to change food habits throughout the year, and hoarding behavior are factors that could indicate a proclivity to use different habitats successfully.
Invasive alien species have become a worldwide problem and constitute a serious threat to the maintenance of biodiversity (Mack et al. 2000; Wilcove et al. 1998) . Reducing the risk of introduction of invasive alien species relies on the knowledge of what species must be prevented from entering a country and of management of species that already have been introduced. A risk assessment procedure can be used to predict invasiveness of a species prior to importation, or to help in setting priorities for the eradication or control of already established populations (IUCN 2000 ; http://iucn.org/themes/ ssc/pubs/policy/invasivesEng.htm; accessed November 2003).
Finlayson's squirrel Callosciurus finlaysonii (Horsfield 1824 ) is a tree squirrel native to Indochina (Lekagul and McNeely 1988) . This species lives in a variety of arboreal habitats, including dense forests, thinned woods and coconut plantations (Lekagul and McNeely 1988) . In 1981, two pairs of Finlayson's squirrel were released in an urban park at Acqui Terme, Italy, where they settled and reproduced (Bertolino et al. 1999 ). In 1998 we estimated that 40-50 squirrels were present in the park; a few more animals were observed in other forested areas of the town and in private gardens. So far, no naturalized population of Finlayson's squirrel has been reported in the literature. The congeneric red-bellied tree squirrel (C. erythraeus), introduced into Japan, Argentina, and France, is considered a serious threat to forests and tree plantations (Aprile and Chicco 1999; Jouanin 1986; Setoguchi 1990 ) and is suspected to be responsible for the decrease in populations of some cavity-breeding birds (Udagawa 1954) . Other squirrel species have had a negative impact in areas of introduction. In Great Britain and Italy, the American eastern gray squirrel (Sciurus carolinensis) replaces the native European red squirrel (S. vulgaris) and damages trees seriously (Bertolino and Genovesi 2003; Gurnell and Pepper 1993) . Considering the potential for Finlayson's squirrel to spread from the urban area of Acqui Terme, we believe it is necessary to evaluate the environmental risk posed by this new squirrel (Bertolino, in press) .
The biology and ecology of Finlayson's squirrel are poorly known, and this is the first translocation of the species outside its natural distribution. Thus, most of the information necessary to produce a risk assessment was missing. In 1998 we started intensive field studies on Finlayson's squirrel at Acqui Terme, with the objective of collecting data on its activity and foraging behavior and evaluate its ability to use Italian habitats.
MATERIALS AND METHODS
Study area.-The study area was a 2-ha park in Acqui Terme (elev. 164 m; 448409N, 88289E), province of Alessandria, northwestern Italy, where the animals were released in 1981. Mean annual temperature is 148C and mean annual rainfall is 700-1,300 mm (Cagnazzi et al. 1998) . The park had 314 trees of 27 species and 56 shrubs of 9 species. Hills around the city are covered with gardens, orchards, vineyards, and woods.
Field observations.-Field observations were conducted from March 1998 to October 1999, usually once a week. We located (Altmann 1974) . Observations began 0.5 h after dawn and continued throughout the day. An animal was observed for a maximum of 1 h, then the observer paused for 10 min and searched for another animal. In total, we observed squirrels for 253.4 h. Observations were dictated into a cassette tape recorder and later transcribed. Seven behavioral activities were recorded: 1) inactive, when the squirrel entered the nest; 2) foraging, including feeding, searching food, or caching food; 3) traveling not actively related to foraging; 4) interaction with other squirrels, including recognitive, cohesive, agonistic, and sexual behaviors; 5) grooming; 6) resting outside the nest; 7) other behaviors (Wauters and Dhondt 1987) . Activity was defined as the sum of behaviors 2-7. Agonistic encounters, mating chases, and related vocalizations permitted us to identify reproductive periods. For all behavioral categories we recorded information on the site of occurrence (tree species on which the squirrel was observed), substrate (trunk, primary branches, secondary branches, ground, electric cables), and food type involved. Our field study procedures conform to the American Society of Mammalogists guidelines (Animal Care and Use Committee 1998) .
Data analyses.-Data were pooled for 10-day periods and the daily activity pattern was evaluated for each month by calculating amount of time allocated to each behavior as a percentage of total time for all activities recorded. Time spent on different substrates and on the ground was expressed as a percentage of total monthly activity time. Foraging behavior was examined more thoroughly by considering the relative time spent searching and handling different food items on a monthly basis, an indirect method of evaluating food habits (Korschgen 1980) . During the study period, squirrels were fed almost daily by visitors to the park who provided seeds and fruits in cans hung on the trunk of some trees. We considered this as a food supply and included the time spent handling supplemental food in the foraging time. Dietary overlap between seasons was estimated by means of Schoener's similarity index (SSI-Schoener 1970) , as
where p ij and p ik are the proportion of time spent by squirrels foraging on a food item i in two periods, j and k. Linton et al. (1981) found this overlap index to be the only one that measured accurately the overlap between 7% and 85%. Ivlev's electivity index (Krebs 1989 ) was used to evaluate preference or avoidance of various tree and shrub species as foraging place and for bark-stripping:
where ri ¼ proportion of time spent on a tree or shrub species (use), and pi ¼ occurrence of the species in the park (availability). This index varies between þ1 (complete preference) and À1 (complete avoidance). Data are reported as mean 6 SD. The normality of data was tested with the Kolmogorov-Smirnov goodness of fit procedures. Correlations between time spent in one behavior and another were evaluated using Pearson's correlation coefficient. For multiple-group comparisons of normally-distributed data, we used one-way analyses of variance (ANOVA) to test for significant differences between periods (months or seasons) and Tukey's tests for pairwise comparisons. Multiple-group comparisons with non-normally distributed data were analyzed with the Kruskal-Wallis ANOVA to examine differences between seasons and the Student-Newman-Keuls method for pairwise comparisons. To produce a normal distribution, proportions were arcsine-square root transformed before analysis (Zar 1996) . Results were considered significant at P , 0.05.
RESULTS
Activity budget.-Squirrels were active 75.9-96.3% of observation time each month (ANOVA: F ¼ 308, d.f. ¼ 1, 22, P , 0.001; Table 1 ). The majority of active time was spent foraging. This behavior occupied about half the active time ( X X ¼ 53.9 6 9.2%), with a significant decrease in summer (Table 2) . Traveling, which accounted for 8.9 6 4.8% of the activity time, increased in autumn (Table 2) . Interactions between squirrels occurred regularly throughout the year, due to the extensive overlap of home ranges. The time spent in interactions was inversely correlated with foraging (r ¼ À0.69, d.f. ¼ 10, P , 0.02); correlations between other behaviors were not significant.
We observed 3 reproductive periods: April, July-August, and November-December. Juveniles were seen outside the nest in January, February, June, and September. Reproductive females were associated with only 1 or 2 juveniles ( X X¼ 1.2 6 0.45, n ¼ 5). Nest construction or restoration was observed throughout the year, with a peak just before or during reproductive periods (Table 1) .
Squirrels interacted with other species (Table 1 , other behaviors) including magpies (Pica pica), hooded crows (Corvus corone cornix), and domestic cats (Felis catus). Usually squirrels reacted by emitting alarm calls when magpies and crows approached juveniles or when cats approached a tree where squirrels were present. Cats were unsuccessful in all predation (Table 2) . Grooming usually occurred after emerging from the nest (n ¼ 23) or after resting on a branch (n ¼ 171), and never in animals on the ground.
Squirrels spent most of their time on primary branches (71.8 6 17.7% yearly), foraged less frequently on secondary branches (24.3 6 17.7%; Fig. 1 ; ANOVA: F ¼ 36.4, d.f. ¼ 1, 22, P , 0.001), were rarely observed on the ground (1.1 6 1.07% yearly), and used tree trunks mainly for bark-stripping and to collect seeds provided by humans. Supplemental food was usually carried to and eaten on primary branches. Electric cables were used for travel across the park.
Food choice.-Squirrels used a wide range of tree species (70% of those present in the park) but only 12 species contributed .3%; squirrels spent about 70% of their yearly feeding time on these trees (data on monthly use of each food item are available from the authors). Food resources used by squirrels varied considerably by season (Table 3) . Most feeding time involved eating plant matter (90.3%), including bark and sap (36.5%), seeds and fruits (36%), buds (11.3%), and flowers (6.5%). Consumption of food supplied by park visitors accounted for 5.5% of the time; other resources used were insects (3.1%), insect honeydew (1%), and occasionally mushrooms (,0.1%). Cached food was stored in nests or scattered on trees; caching on the ground was never observed. Ivlev's electivity index (Table 4) showed that trees and shrubs used as feeding spots differed seasonally. Few species were preferred in all seasons (Pinus, Cedrus) or in most of them (Ulmus campestris, Thuja orientalis, Quercus ilex). Squirrels preferred different species for bark-stripping throughout the year and only some of them (Pinus, Cedrus, Ulmus campestris, Celtis australis) were positively selected in most seasons.
Animal food was consumed in summer, when squirrels were seen searching and eating insects (Formicidae, Corythucha ciliata, Metcalfa pruinosa) and insect honeydew.
The food-niche overlap between seasons was relatively low, and Schoener's similarity index was 0.54-0.71 (winter-spring, 0.67; winter-summer, 0.54; winter-autumn, 0.60; springsummer, 0.54; spring-autumn, 0.65; and summer-autumn, 0.71).
DISCUSSION
Finlayson's squirrels spent most of their time on trees and were rarely observed on the ground. Several squirrel species are highly arboreal in foraging behavior (Kato 1985; Kawamichi 1997; Wauters et al. 1992) ; others, such as the American eastern gray squirrel, spend more time on the ground (Kenward and Tonkin 1986) . The high affinity for trees of Finlayson's squirrel could be an adaptive behavior related to competition or predator defense in Indochina, the area of origin. The presence of several squirrel species in Indochina (Corbet and Hill 1992; Lekagul and McNeely 1988) might have led to microhabitat separation in canopy height and ground use (Whitten 1981) . On the other hand, high predator pressure due to the presence of several mammal predators (Lekagul and McNeely 1988) Interactions between Finlayson's squirrels occurred throughout the year, with a peak during periods of mating chases. A high number of intraspecific interactions could be related to the social organization of this species. In the European red squirrel, males and females have overlapping home ranges, but animals reduce intraspecific competition by using different parts of their home ranges in different seasons and choosing different food seasonally (Wauters 2000) . The high density, difficulty of dispersal to other areas, and a large overlap of their home ranges probably contribute to an increase of interactions between Finlayson's squirrels.
Finlayson's squirrels fed mainly on seeds, fruits, buds, and flowers, and switched from one resource to another according to availability. In winter, they fed mainly on buds, or stripped bark, shifting to flowers in spring and to mature seeds and fruits from June to October. By November-December, when most fruits had been consumed and other resources were scarce, bark-stripping became progressively more important. Supple- mentary feeding by people has probably provided sufficient food resources for squirrels to survive periods of natural food shortage (e.g., winter) and helped to support a high population density of 13 individuals/ha observed and 20-25 individuals/ha estimated (Bertolino et al. 1999; Klenner and Krebs 1991) . Animal matter was exploited in summer when squirrels ate insects, as do other squirrel species (Korschgen 1981; Moller 1983; Setoguchi 1990; Wauters et al. 1992) . Most tree squirrels can damage forests and commercial tree plantations by bark-stripping (Dagnall et al. 1998; Pulliainen and Salonen 1963; Zhu et al. 1990 ), inflicting wounds that degrade timber quality severely and favor the penetration of insects and fungi (Kenward 1989; Dagnall et al. 1998) . The amount of damage varies from site to site and is often correlated with squirrel density, tree quality, and sap production (Dagnall et al. 1998; Kenward and Parish 1986; Kuo et al. 1982) . Several hypotheses have been advanced to explain bark-stripping: displaced aggression at high population densities, selection for sugar-rich sap, and/or soft phloem-tissue as an alternative food in times of food shortage (Gill 1992; Kenward and Parish 1986) . In our study, bark-stripping by Finlayson's squirrel occurred throughout the year, including periods of resource abundance.
Caching behavior was observed only occasionally when squirrels stored hazelnuts and walnuts supplied by visitors. It might be that squirrels only cache nuts that have husks, which help to preserve them (Thompson and Thompson 1980) . Food hoarding is an important adaptative behavior for animals that can ensure a continuous food supply when food availability declines, increasing survival and reproductive success (Vander Wall 1990; Wauters et al. 1995) . Red-bellied tree squirrels hoard food items in their native range but not where introduced in Japan (Chou et al. 1985; Setoguchi 1990 ). Absence of this behavior might be a factor limiting spread of the species in Japan (Setoguchi 1990) .
One of the main objectives of this research was to evaluate the ability of the Finlayson's squirrel to adapt to Italian habitats. We conclude that the use of a wide range of foods and changing of food habits throughout the year are factors enabling squirrels to succeed outside their native habitats (Ozaki 1986; Setoguchi 1990 ). The use of both broadleaf and coniferous trees suggests they can adapt to different forest types, and seed hoarding can improve survival during food shortages. We suggest that future colonization of woodlands around Acqui Terme is likely, once squirrels reach corridors. Bark-stripping behavior and fruit consumption could lead to significant commercial damage in the nearby orchards and hazelnut plantations.
Transportation of species to other regions breaks down biogeographic barriers and likely causes a homogenization of ecosystems (Lövei 1997) . A reversal of this trend will require a policy focused on the prevention of new entries and the control of species already established (IUCN 2000) . Information from field studies on introduced species could be used in assessing potential invasiveness and implement management plans.
